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data are used for any purpose other than in connection with a defi-
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NOTICES

When Government drawings, specifications, or other data are used
for any ,purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no reaponsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other
data, is not to be regarded by implication or otherwise as in any
manner licensing the holder or'any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.

All distribution of this document is controlled. In addition to
security requiivemexLts which apply to this document and must be met,
it may be further distributed by the holder only with specific
prior approval of:

Director of Supersonic Transport Development
Federal Aviation Agency
Washington, D. C. 20553

The distribution of this report is limited because it contains
technology identifiable with items excluded from expor 1,_ t e
Department of State (U. S. Export Control Act of 1949 's s' =.ded).
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aja CaviVJ C;. M."weii 0 Ir
.•i ~~Ftderal Aviation Agency-" .1 600 Independence Avenue, W.

Washington, 11 C. Z0553 in o
[ Attention- SS-30

Dear General Maxwell:

In response to the Federal Aviation Agency's Request for Pr'-
posal dated June 30, 1966, we transmit herewich our prcposal for the en-
gine portion of Phase Ml of the Supersoanic TraLsport Development Pro-
gram. We believe our proposal is completely responsive to the Request
for Proposal. It covers the developrment of the JTFI7A-Zl augmented

S I• turbofan engine, the delivery of grolnd test and flight test prototype en-
gines, and their support through 100 hours of protctype aircraft flight
testing. Thie propotal is not subject to withdrawal or change by us if ac-Ii cepted by the Government by January 1, 1967, and w, shall be pleased to
hold it open until thak time. _

The 61, 000 lb. thrust (s-.a level static take-off rating) augmented

turbofan engine described in this proposal is substantially the same engine

being demonstrated currently in our Phase U-C program. During the

Phase Il-C testing of this engine, the mechanical concept has been proved

practical; the engine has been operated success&ully at•Mach 2, 7 and 65,000

feet altitude; the main and duct burner designe have been proved satisfac-

tory; the turbine cooling approach has bean confirmed by operation at full

rated turbine temperature; and the engine weight estimate "as been validated.

The majority of the Phaae I-C contract goals have already been met, and we
U have acc;umulated over 86 hours total full scale engine time on two dernonstra -

tor engines. It now appears that all of the Phase U-C contract requirements

will be co=-.ltted ahead of sc-hadule ennd with-in h-------------t cani.

The JTF1? program schedule, which meets either Lockheed s

or Boeing's requirements, includes the following important milestones:

SI Flight Test Stutus (FTS) Completion June 1969

""Dliver First Flight Prototype July 1969

Engine Certification December 1971

Deliver First Production Engine January 1972
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Pratt & Whitney A ircraft

Major General J. C. Maxwell -2- September 2, 1966

The engine development program up to engine certification will
include approximately 14, 500 hours of full-scale engine development
testing, about one-half of which will be conducted at simulated high Mach
number environmental conditions.

The engine development program will continue to be conducted
at Pratt & Whitney Aircraft's Florida Research and Development Center
in order to take advantage oý the special'zcd engineering background and
high Mach number test facilities that have been instrumental in tbr doz,
rnent of the Jb8 engine for Lhe USAF YF-lZA and SR-71 aircraft. The
JTFI7 development team will be headed by the same program manager as
was responsible for the successful J58 development. The same facilities,
enlarged in airflow, will be employed.

Production engine deliveries to be.madejin.PhasejV'wilbe-_made
from our Connecticut Operations facility in East Hartford, Connecticut,
under the same system of management that has proved effective in producing
both RL10 rocket engines ind J58 turbojet engines in Connecticut with the
over-all program manage:nent and engineering control residing in Florida.

Adequate manpower and facilities for both development and pro-
ductlon programs will be available for the SST program. In addition to the
existing facilities, United Aircraft Corporation has committed itself, if
selected for the Phase III SST Engine Development Program, to expend ap-
proximately $30, 000, 000 in corporate funds for additional capital improve-
ments required for the JTI?17 Phase III program. Furthermore, when the
supersonic transport starts passenger carrying operation, the airlines using
the engines can be supported by the largest worldwide field engineering and
service organization devoted exclusively to aircraft engines. One hundred
and two of the world's airlines now are operating, or have on order, turbo-
jet or turbofan engines designed and developed by Pratt &, Whitney Aircraft.
These airlines receive suppo.-t from a product support organization haong-
representatives in more than ZOO locations in 22 csnntries throughouý tho
world.

Our proposal reflects the six years of intensive SST study and
research efforts which have been performed at our Connecticut facilities
and at our Florida Research and .)evelopment Center and benefits from the
demonstrator engine testing which has been conducted during t"c Phase I7-C
program. It also benefits from the experience obtained during Lhc accui,:-
lation of more than 1, 000, 000 miles of supersonic cruise flight abovc Mac
2. 7; every day, on the average, the J58 powered YF-12A and SR-7i aircraft
accumulate more Mach 3. 0 flight time than all othei- supersonic aircraft
have accumulated at this flight speed during their entire existence. This
experience will accumulate at an increasing rate during the SST Phase I7TT

r-•
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and subsequent phases and can be directly and immedi:tly applied to thrS1 SST engine dcvalopm•ont.

We believe that the JTF17 aulgrneitr-d tuxboiar engine ,•--rrvc if-
'- thc aili.me-proven turbofan subsonic performance advaitageq with the

demonstrator -engine -proven highly efficient ia induction augmentor con-
figuration to prcdu,.c a design which offers the following advantages in a
suvertuonic transport application:

Lower Engine Noise Levels
Better Payload - Range Charact*,vistics
Better Nonstandard Day Performance
Better Augmentor Durability
Lower Fuel Reserves
Adequate Growth Potential

These advantages are discussed in detail in the various sections
of the proposal and in the Summary, Volume I.

With regard to coste. we are particularly pleased that our Phase[lI-C expe, .nce in the actual building and testing of S5T enginea oi essentially
the same size as the proposed Phase Mll engine supports a significant reduc-
tion from our previously jesia.e -ra Ii--ee 'i.- -OCr ~ii~ eo

.o-st -i performing Phaoe Dl, including development, manufacture of ground
test and prototype engines. and product support. is $290, 087, 000. Our esti-
mate of the unit cost of production engines is $1,210, 627.

Engine/airframne compatibility agreements which have been nego-
tiated with both airframe manufacturers will ensare close coordination of
effort, elimination of duplication of effort, consideration of all important
interface areas, and resolution of possible disagreements. These compati-
bility agreements recognize the responsibility of each of the parties to the
Government, to ultim-ate customers, and to eacad, ;rlAer. They provide a
sound basis for working together and a MnCehod oý A•ttling disagreements
with minimal recourse to the Government, recognizing that tean effort on
__ii pro.ra. isa eaiintial ior success.

In this program, we recognize the Government must know at all
times where the contractors stand, what problems are being met, and what
progress is being made toward ultimate goals. Therefore, our proposal
includes dttailedtechnlcal and management plans that describe the work to be
undertaken, and our approach to the problem. If awarded the Phase 11 con-
tract, we shall continue to keep the Government advised by regular updating
of these plans and programs, by comprehensive reports, and by personial

"''- "-'-.. _. ... ,- • '2 " _ - •• -• _ _ _ _-, I I-. -



Pratt &Whitney Aircraft

Major General J. C. Maxwell -4- September Z, 1966

contact with the Government's assigned project people.

In summary, the engine program which we have proposed, backed
up by our unique combination of high Mach number continuo,: cruise cxpe-
rience and our airline transport background, offers the minir-num risk in
attaining the reliable, efficient powerplant so vital to the development of a
safe and economical supersonic transport for the world's airlines because:

1. We are proposing an engine that has the same frame
size and the same specific airflow as the engines
demonstrated successfully in Phase II-C.

2. We are off#-rinv a ý:cle and a dzzi,:. <.i•. we believe
will have the operational flexibility, reliabiiity, and
durability that the airlines need and expect.

3. The development organization and the facilities are
the same as were used successfully in developing the
only continuous cruise, Mach Z. 7+ engine currently
in daily operation - the J58.

4. We have a record of meeting program performance
commitments relating to initial engine deliveries,
engine weight, thrust, and thrust specific fuel con-
sumption. The JT3C, the JT4A, the JT3D, and the
JT8D engines now in airline service all attect to
this record.

Pratt & Whitney Aircraft is ready to proceed with confidence if
awarded the Federal Aviation Agency's Phase III SST Engine Development
Program.

Sincer ely,

UNITED AIRCRAFT COR, ,-ORATiC'N
Pratt & Whitney Air'c-r-a~t Divisio".

/

Y.L. Gorton
General Manage-t-
Florida Resea.ch and Develor----.-t Cent=
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Volume I

SECTION I
INTRODUCTION

Pratt & Whitney Aircraft propcrLý-s &,"A Phase III of the United States
Supersonic Transport program to develop the JTF17 augmented turbofan
engine, to deliver prototypes, and to support the engine through 100 hours
of prototype aircraft flight testing. in making this proposal, the company
has kept a larger objective in view: to provide a reliable engine with
long life that will prove economical in commercial airline service.
Meeting this long-term objective requires understanding the new problems
peculiar to high supersonic cruise operation, while continuing Lo recognize
the problems faced in daily operation by the world's airlines. Solutions
to these problems are provided by the JTF17 design and by Pratt & "hitney
Aircraft's existing world-wide support organization that serves thv needs
of the free world's airlines.

The 61,000-lb takeoff thr..t JTFI7A-21 engine is essentially the
same design as the engines bei ; tested today (figure 1). During the
Phase 11-C testing of this engine, the concept has been proved practical
in over 86 hours of trouble-free operation, the engine has been operated
successfully at SST cruise conditions, the turbine cooling approach has
been confirmed by operation at full-rated turbine temperature, and, ti;.
engine weight estimate has been validated. The blow-in-door exhaust
system proposed for the JTF17 is patterned after the one used successfully
in the YF-12A and SR-71 aircraft.

Figure 1. Pratt & Whitney Aircraft JTF17 FE 59831
Engines At Test

CONFIDENTIAL
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The materials selected for the JTLF17 to obtain adequate strength and
life at high temperature are mainly the sanme materials used in the J58,
so that producibility has been established, properties have been f-illly
documented, products , processes have been de-bugged, and the quality-
control procedures peculiar to these alloys have been Lveloped. The
application of J58 technology to the JTFI7 design, the fact that the
specific airflow and engine frame size are the same for the Phase II-C
engine as for the proposed Phase III engine, and the successful demon-
strator engine running at Mach 2.7 cruise conditions afford a low-risk
approach to meeting the objectives for the supersonic transport.

Recognizing the airlines' need for long life, Pratt & W.hitney Aircraft
has included in the JTF17 design a duct heater cooled by fan discharge
air to provide metal temperature- in the augmentor no higher than those
in existing commercial engine combustion systems. A comparison of this
cooled augmentation system and an afterburner on a high-turbine-temperature
engine is seen in figures 2 and 3. In addition to this basic improve-
ment in engine life, the duct heating turbofan cycle offers improved
hot-day aircraft performance, a vital consideration on many airline routes.
Thp subsonic fuel consumption advantage of the basic turbofan is also
retained, with resulting improvement in operating flexibility.

In July 1965, Pratt & Whitney Aircraft transferred the responsibility
for the SST propulsion program to the Florida Research and Development
Center (figure 4) to take advantage of the specialized engineering back-
ground and high Mach number test facilities there that had been instru-
mental in the development of the supersonic J58 engine. The program manage-
ment concept for continuing work under Phase III of the Supersonic Trans-
port Program will be the same as that used on other major projects at the
Florida Research and Development Center. Mr. William H1. Brown, currently
J58 program manager, and Mr. Gordon A. Titcomb, currentIx, the Phase II-C
SST program manager, as JTFI7 Program Manager and Deputy Program Manager,
respectively, will be responsible for all aspects o' the SST propulsion
program, reporting directly to the General Manager of the Florida Research
and Development Center, Mr. W. L, Gorton. The current JTFl7 'team will be
augmented by additional Florida Research and Development Center personnel
experienced in high Mach number engine development, in prototype engine
manufacture, and in product .pport. The initial engine development,
prototype engine deliveries, and flight test support including engine
overhauls will be accomplished at the Florida Research and Development
Center, as wiiL the engine certification program and the Lontinuing
development needed to support the engine in airline service. This work
will be directed by a Development Manager, a Delivery Manager, and a
Product Support Manager, all reporting to the JTFI7 Program Manager.
Positive action will be taken by establishing a Design Review Board of
cognizant senior engiineers to incorporate in the JTF17 engine any
relevant improvements found necessary in the coqtinuing Mach 3+ operation
of the J58 or in the commercial service of current su',sunic engines.

2
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Figure 2. JT?17 Engine Operation With Duct FE 60316
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Figure 3. Afterburner on a High Turbine FE 43455
Temperature Engine

C

I -I



Paf &Whkney Aircraft MUIDNTAL

The prc-duction enairs rpiie Phi~ase Vw~ilbe made frcm
Connecticut Opcrations (fiYguire-5-), us ing the saa" &ystem of mrAtgc-
ment that proved effective ir' producing both RL1O rocket engines and J58

turbojet engines in Connecticut with the overall program =nagnmgcnt ;ad
engineering control residing in Flori~da. For thi~s phase of the JI1f7 pro-

gaa roduci'~ maae rit- Cumitecticut wii!b named for the dlvr

prcgram. Ezigirn daval44p~ent antd gtn-iUr-tian azuna-gaeirai- will reinain a
responsibility of the Florida-based program management. Throughout the
program, Pratt & Whitney Aircraft's existing world-wide product support
organization of airlines operations engineers, service engineers, spares
personnel, and field engineers will contribute the same skills that they
have in previous co ercial turbine engine programs such as the JT3, JT4,
JTJD, and JTaD. Product support representatives experienced in dealing
with airline problems are currently stationed in 22 countries. Both
directly, and through these product support groups, the airlines will, be
invited to continue reviewing the JTF17 design and developmrent progress
so that their specific requirements can be anticipated.

The component and engine development program planned for the JTF17
reflects the spwecial development techniques found iiecessary in qualifying
the J58 for production. For example, one-half of the engine testing to
be conducted b; the time the JTF17 is certificated will be at sirwulated
hi-h Hach number conditions. United Aircraft Corporation will provide
its SST development team with additional high Mach number engine test
stands so that this testing can be conducted on-site, and around the clock
without interference from other programs. The overall JT?'l7 development
program of 14,500 hours of engine testing prior to engine certification

amounts to nearly 50%. more engine testing, and a year longer program, than_,
-~a- t E~t~i-thE-ýaiYfgrm t -t-ime ithiat th-e eng-i-ne -passed its

150-hour test. This added effort is designed to provide the longer engine
life required for eo-urcial use as compared to Ldilitary use. The JTF17

program schedulz (shown below), which meets both Lockheed and Boeing

requirements, is well within the capability demonstrated in the J58

program:

JTF17 Mileposts

Flighit Test Status June 1969
Deliver First Flight Prototype July 1969
EngIne Certification December 1971
Deliver First Production Engine January 1972

Add1tional. fajc-ors further asaure meeting this schedule, first, a
declining work load at the Florida RcE!arch and De'?elopikent Center pro-
vides capaciity for the engineerinp aevtelopment, prototype delivery, and
flight test phase; second, new materials and processes of manufacture
such as required development fir the J38 are not indicated; third, an

experienced development --,-,d that has previously worked together aad has
a unique background of boc'i high Mach number and commnercial turbine engine
e.xperience is ready now; and fourth, opan production capacity will exist

i'n Connecticut by the 'Irme .,ase V is initiisted.

4 -
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Figure 4. Florida tesearch and Development FE 13329
Center Manufacturing and OfficeBuilding

[

Figure 5. East Hartford Plant Z 24989
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The estimated cost of the JTFl7 development program proposed to meet
the SST objectives for engine life and reliability is $325 million from
the end of Phase II-C through engine certification in December 1971; a
continued development program is planned after certification to improve
the engine in service. The estimated costs for the various phases of
the SST program are summarized below:

Assumed Time Frame Program Phase Estimated Cost

July 1965 through Phase II-C (demonstrator) $ 50 Million
December 1966

January 1966 through Phase III (FTS development, 290 Million
September 15, 1970 20 prototype engines, and

support for 100 hours of
aircraft flying)

September 15, 1969 Phase IV (Engine certifi- 252 -_ilirr
through December 1971 cation, plus continued

development and flight
test support through air-
craft certification)

January 1972 through Phase V (Continued engine 180 Million
May 1979 development)

The estimated unit engine cost established in accordance with the
FAA's instructions is $1.21 million, for the engines to be delivered during
Phase V.

The Mach 3+ flight time obtained with J58-powered aircraft each day
now exceeds the total Mach 3.0 flight time obtained by all other aircraft
to date. As this supersonic experience continues to accumulate in the
years before the flight of the first supersonic transport, the Florida
Research and Development Center engineering team will continue to apply to
the JTF17 the hard lessons learned from the J58 program. In commercial
service, other Pratt & Whitney Aircraft engines have demonstrated a main-
tenance cost per lb thrust per hour one-half that of competitive engines,
and unmatched rate of TBO growth, and the lowest premature-re:moval rate in
the industry. The same development philosophy that made this record pcssible
will •e applied to the SST propulsion task. niýi extensive ard contin4rig
high Mach number experience, combined with extensive and continuing com-
mercial turbine engine experience, provides a singular understanding of the
SST propulsion problems; an understanding which in the final analysis will
result in the most economical engine.

6
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Volume[t SECTION II

I A. GENERAL

FFLa L i. & Whitney Aircraft s mrnangemnnt philosophy fur the SST ProgramIIwill b-e r~c-o~i-r c = xc vi~ral inare~t., cr (1) 61v ýiirlines, whe !n'ist
find that the United States supersonic ttanspcrt is a safe, reliable, and
economically attractive addition to their fleets; (2) of ti.e aiirframe

h contractor; who must assume systems responsibility for the major goals of
the program; and (3) of the Federal Aviation Agency, which by reason of
commitment of large Government appropriations, must be concerned with pro-
gram decisions involving contract cost, certain critical performance
criteria, and key program milestones.

In recognition of the airlines' role, Pratt & Whitn'ty Aircraft will
encourage the aidlines to state their desires throughout the SST design,
development, nnd production phases so that configuration decisions in
particular will be influenced by the airlines to the maximum practical
degree. In addition to the traditional P6WA/airline contacts, the air-
lines will be asked to participate formally in program reviews for the
purpose of influencing the design, reliability, safety, i;aintainability,
and performance aspects of the program. It is contemplated that airline
cooperation will make the airline industry c, ittees an important and
effective voice for the SST program. Accordit.L'.., the contribution of
these committees w11 be actively sought.

- rl-nrecognittan-oL-rhe irfra cantra~c~t r-' -_IA___-___t- -&_ kt
responsibility, M'A has negotiated an SST Airframe/Engine CompatibilityIi Agreement, which sets forth coordinated engine/airframe interface plans,
with each competing airframe contractor. In implementing the agreements,
the JTFI7 Program Managem-nt %ill ensure that no element of necessary work
is overlooked and that minimu2 duplicati,'- of effort exists between the
airframe contractor and PSMA,.

In recognition of the FAA's role in the management of the program for
the Government, P&WA will provide comprehensive plans for the Phase III
Program. These plans are described in Volumes III, IV, and V, of this
proposal, and include a detailed work plan, a test and certification plan,
and management pla" . ?&UA will submit changes aifecting critical per-
formance criteria or contract cott and schedules to the FAA for approval.

B. ORGANIZATI ON

In July 1965, Pratt & Whitney Aircraft transferred the responsibility
for its part in the SST propulsion program to the Florida Research and
Development Center (FRDC). This move was designed to make available
to the SST program thc sApecialized engineering background and high-Mach-
number facilities that had been instrumental in the develop.nent of the
J58 engine. With the decline in other programs at FRDC, a team experienced
in design, development, prototype delivery, product support, and overall

program management is also available fo the JTF17. The work described in
this propose for Phase Ill of the Sý'T ,rogram will be dLrected and con-" ducted at Pratt & Whitt.cy Aircraft's Florida Research and Developfnent
Center. 7O TIJ
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The Florida Research and Development Center is a separate profit I

Cerit;_r • Zrtu LL & Whitney Aircraft Divigirn, 5m#h•.d b,_tI Lhe authoritv-
and .... -=:p--n l for managing thl program6 C%,,uuAkv*J in Fiorida,

within the bounds of overall corporate and division pol .v. The CenterIy propose new program5 u and #eL lei: LLU Lo1:aLLs. Appruval by the Divi-
sion President is obtained when comaitncnts arc madc by the Center that r
invoive corporate fkrds or use of other company facilities. V

The Florida Research and Development Center has recognized that special

protlems are created by its physical separation from P&WA Connectiout
Operations. For this reason, the project engineering system traditional
at Pratt & Whitney Aircraft has been expanded in Lhe course of the RLIO
"ad J58 programs to place all aspects of these programs under the full-
time direction of a single individual or Program Manager. This program II
manager directs the activities for his program (including development,
delivery, and product support) whether the work is performed in Connecticut, |
Plorida, or in the field. In addition, special interplant communicatIons
systems and scheduled Interplant visits have been brought into play to
provide effective coordination between Florida and Connecticut.

In practice, the program manager's authority over the operating depart-
ment activities transcends the functional organization's lines. A program
manager is selected based on his qualifications to organize, direct, and
control the technical and business management of his program. The funda-
mental criterion governing the placement of the program in the organizatio'i
is to provide active management participation at a level ccmmensurate with [
the needs of the program. For example, the RLIO and J58 managers reported

"a *-J91I0i"& rmsac5h& V.L C ZLULLUS rs f an eveiopmenr tenter during
the critical phases of these programs; currently these program managers re-
port to te QChief Znginaer. Other proarams that involve primerily re- ""'
search and develo•ment currently report to the Director of Applied Re-
search or to the Assistant Chief Engineer - Advanced Technology. Funda-

mentally, the program manager is successful in directing his work through
the overlay of program manngement on the line departments becattse all
elements of the orgamiztion are indoctrinated in this method of operation

by experience and as a matter of policy, and because the program manager
authorizes and controls the incurring of co5sts. The success of this pro-
gram management system at the Florida Research and Development Center is
borne out by the results achieved in two major programs encompassing de-
velop"nt and production phases. The JTil tLrbojet and the illO liquid
oxygen/hydrogen rocket eniines were both developed at the Florlds Research
andg- De.do-g•e Canter and .... yuIc•JJud PraJt & Whiitney Aircraft's con-

necticut Operations. Program management for both these programs has remained
with the Florida Research and Development Center throughout the develop-
ment, production, and product support %hases. The JTll turbojet engines
now in production are the only turbojet engines known to be flying daily
at sustained speeds in excess of 2000 miles per hour. Liquid hydrogen
was little more tian a laboratory curiosity when the company began the
development cf the RLIO hydrogen-fueled rocker engine in 1956; from this
challenging beginning, the RLIO space engine has achieved a record of complete
success in all of its aissions, the latest being the Surveyor soft :utuar
landing.

8
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The program management concept which will be used for Phase III is

the same one that has been used at the Florida Research and Development
Center since 1961 for the J58, the RLIO, and other resea. and develop-
ment programs. The personnel who will manage the various aspects of the
JTF17 program and those who will conduct the work not only have broad
experience in powerplant development and production, but also have the
benefit of having all worked together as a team on other programs. In
many cases, these associations have existed for ten or twenty years.

For Phase III of the SST Program, the JTFI7 Program Manager will re-
port directly to the General Manager of the Florida Research and Develop-
ment Center. The general relation of the JTF17 program to the Florida
Research and Development Center staff functions, to the six operating
departments, and to other programs is shown on figure 6. Each functional,
or operating departme.it is, of course, specialty oriented and as such
is charged with the responsibility of acquiring and maintaining the
necessary high level of competence in the specialized fields required for
the fulfillment of business obligations. This basic functional organiza-
tion provides the type and level of effort that may be required by each
program within the constraints of time, costs, and performance as estab-
lished by the Program Manager.

Awdqw i . tl, C...d M -W

P- "I I

IA. .D ha Pisl I .L o R.J. p

Figure 6. Pratt & Whitney Aircraft Florida FD 17699
Research and Development Center
Functional Organization

C. PROGRAM RESPONSIBILITIES

For rhase III of the SST Program, Mr. W. H. Brown, currently the J58
Program Manager, has been selected to be jTFl7 Program Manager, and
Mr. G. A. Titcomb, currently the Phase Ii-C JTFI7 ½rogram Manager, :~a.

been selected to be JTFI7 Deputy Program Manager.

Mr. Brown has been selected as Program Manager to take full advantage
of the experience he gained in managing the J58 engine progr'.=-. in that

program, he has pioneered in solving the development probleT!-, associated
with qualifying a turbine engine to operate continuot sly at high turbine
temperatures in an environment more hostile than foreseen 5i--: the SST.

9
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Ile has also demonstrated the ability in the YF-12A and SR-71 airplane pro-
grams to resolve interface compatibility problems betwoen the engine anu
its installation, and he has provided effective field support in the post-
certification phase. He was Project Engineer on the JT3 engine when it
was first flown in the prototype Boeing 707 (367-80), and latcr on the
JT4 engine, and was directly responsible for the development progrna
necessary to obtain the commercial Type Certificates for these two enginres.

Mr. Titcomb's experience in program management includes his :urrcnt
position as Program Manager of the JTF17 Phase II.C activrity, and his prior
assignment as RLIO Program Manager where he was re.'ptonslihl, for devel,,•ent,
delivery, and field support of the world's first hydrogen-futeled rocket
engine. He has 18 years experience at Pratt & Whitney Aircraft including
development responsibility as project engineer in the J52, JT4, and JT3D
engine programs.

Boti, Mr. Brown and Mr. Titcomb have had overall program management
responsibility for previous programs where the development was conducted

. Florida, and which involved product support from the Connecticut func-
tional departments and the production delivery of engines manufactured i,
Connecticut.

The day-to-day direction of the JTF17 program will be provided by the
r�r�a •'."naagcr and his deputy, assisted by five managers assigned to the
following areas of responsibility:

Development Product 1ap,!-)'t
Program Controls Engine Delivery.

Product Assurance

A JTFI7 Management Committee having as members the General Manager,
the heads of the Florida Research and Development Center line departments,
and the Assistant Sales Manager will meet periodically to establish policy
and provide management guidance for the program. The JTF17 program manage-
ment will also be responsive to the airlines' requirements as expressed -y
an Airline Review Board. This overall JTF17 program management orga:,za-
tion is surnanarized in figure 7. The specific functions of the five
Managers assigned to the program and their relation to tin fntiiot ,f-
partments are described in Report I, Volume V of this proposai. The
overall assignment of responsibilities according to the Niiase I1I wok`,
breakdown structure is shown in figure 8.

7fA -T~y A,,. n

-- IP- P_

Figure 7. JTFI7 Program Management -D 1770C
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Il A. PHASE 1I-C ACRIEV%1?MNTS

I f1. Cycle ?seleýtioni I;

- J~ring Mhase Il1 Pratt & WhiLu-y ALc-.-dIL WIth the concurrencu of
both airfra•n-• masiulat .Lurers a'-lectet} the duct heating Lurbotan engince

i bastd on extensive cycle and rassion analysc. that showed the superiority
of the turbofan engine in the areas of rangc/payload p fortwnce, safety,
noise, inlet/engine compatibility and growth potential. For the super-
sonic transport basic mission at equal payloads, Pratt & Whitney Aircraft's
studies have shown that the turbofan lives 1;O statute miles greater range
potential; or trading range for payload, 6300 pounds greater payload tian
SthV Lubojet in the fixed wing aircraft. Similar aavanLages were shown
in the swing-wing aircraft analysis.
2. Engine Design

The MTF17A-21 engine, a two-spool, duct-hcating turbofan (figures 9

and 10) was designed during Phase iI to meLt the following objectives:

1. High 11erformance

a. SLTO Thrust 61,000 poundB

b. SLTO SFC 1.77

-- . Cruisle I rust 16,000 po,.nds

. d. Cruise SFC 1.58

(At tacii 2.7 asui 05,000 feet altitude)

' 2. Efficient use of structure and materials

a. Basic Engine Weight 960 pounds (for L 2000 insLallation)

9910 pounds (foz." B 2707 insLallation)

J. Reliability, structural integrity, and Jaf.-Lty

4. Engine Life

Sa. H.ajor cases - 50,000 hours

L. Dis:s - 2U,OJ0 hours

c. Easily rep).pceable parts - 1O.000 hours

d, Hot section inspection - 5000 hours

5, Superior growthA potentia)

6. Acceptable noise levels (less than 116 PNdb at Lakwoff)

13
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7. Versatility to match aircraft requirements

8. Advanced concepts to facilitate airline maintenance

9. Minimum development risks

Figure 9. JTFI7A-21 Engine Cutaway UGS 2696A

Figure 10. -TFI7A-21 Cross Section FD 16946

The engine design was optimized to achieve maximum range/payload for

a given gross takeoff weight with acceptable noise levels. N:imi::. tttr>'

inlet and augmentor discharge temperatures were selected consistent ,ýLth ad-

vanced design concepts to provide maximum efficiency and airflow. Pressure

ratios and percent augmentation were established considering optimum mission

performance and minimum weight. Selection of a basic 650 lb/sec airflow

size for the Phase I1-C demonstrator engine was coordinated with the two

airframe manufacturers. The 687 lb/pec airflow JTFI7A-21 engine proposed

for Phase III is substantially this same Phase II-C engine with a slig.-ht

increase in fan blade length within the original engine envelope. Thie

performance of the engine system proposed has been completely defined in

the Engine Model Specifications. Digital computer cycle matching decks

have been prepared as part of each model specification and furnished to

the airframe contractors, FAA, and appropriate governmcnt agencies.

Dynamic simulations of important steady-state and transient engine conditions

have been simulated and the results have been use, to improve the engine

design.
14

CONFIDENTIAL



CONFIDENTIAL
PWA FP 66-100

Volume I

The JTF17 engine design has the growth potential to provide increased
thrust for takeoff and transonic acceleration, lower cruise TSFC, and
extension of the operational envelope to Mach 3 or higher. Historically,
airplane gross weights have increased with time and there is no reason
to doubt that the SST will be different. Figures 1i and 12 shcw the
expected growth for the JTFI7 in increased thrust and decreased cruise
TSFC. Thrust c:a. be increased within the current frame size by increas-
ing the fan specific flow and raising the turbine inlet temperature.
Improvements in exhaust nozzle performance could be incorporated on existing
engines or applied to uprated engines. Because a 0.1% change in nozzle effi-
ciency adds approximately 500 pounds of payload -or a rarge-1.m5ted tliýht,
this area warrants considerable development effort to make even small
gains. The potential gain in range with increase of Mach number is shown
in figure 13. Because the duct heater operates more like a ramjet aL
higher flight Mach numbers, the cycle efficiency improves faster than
the turbojet. The extensive background of the J58 development effort
and the continuing accumulation of Mach 3+ flight experience will provide
the necessary technology to provide this capability for the JTFI7.

Improved maintainability has been a prime consideration in the basic
design of the engine. The major subsections of the engine may be removed
with minimum disassembly. The entire 2-stage far-stator package can be
removed from the front without disturbing the No. 1 thrust bearing or
the front mount case. Additionally, the 1st-stage fan disk and blade
assembly can be separately removed from the engine from the front, and
provisions have been made to replace individual fan blades in the field
without rebalance. Similarly, the low and high rotor main thrust bearings
can be removed, inspected, and replaced from the front. The reverser-
suppressor may be unbolted and removed as a unit, as can the duct heater.

20
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Figure 11. JTF17 Growth-Takeoff, Transonic FD 17077
Thrust
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0 •~~ z• urbine Inlet Temperature

rwA ownE2haust System Improvements'

r.) 9•QI• m_ pr~ovement

Z E-
000

YEARS FROM INITIAL COMMERCIAL OPERATION

Figure 12. JTFI7 Growth-Cruise TSFC Reduction FD 17079

180 -

Fixed Wing Airplane
S160 - -TOGW and •

Payload = Constaint

140 -.--

E-4-

20 -

0 2.7 • 2.93.0CRUISE FLIGHT MACH NUMBER

Figure 13. Cruise Mach No. Effect on Design FD 17082

Range

Progressively the turbine exhaust case, low turbine rotor and case assembly,
and high turbine disk and blade assembly can be removed from the rear.
The ability to remove, refurbish, and replace major units without sending

the engine to overhaul will be a major economic advantage to the airlines.
Additional maintainability features include borescope prov-sions for each

stage of the high compressor, accessible while the engine is installed in
the airplane, and borescope holes to inspect the primary combustor and the
turbine blades. Generous use of visual access to the inside of the engine
to assess the parts is in direct response to airline desires. Other
maintainability features are chip detectors, scavenge pump screens, and

16
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xi,'vnsive overhaul. There are also provisions for radio..jLope inspection
through the bore of the low shaft frc either -hu frunt or the rear of

Sthe engine. ThQ JTF!7 has bev, designed to take advantage of Airfrawme
SIntcAgrJLu Data systems (AIDS) in the fur, that each airline finds mist
:,daptable to its mode of operation. Airline mintafnzhility a!c;o m.ais
! rcpF*rab1iLy. The unique background -f exp~rlvene gained by P&WA on

[ l the J58 har evolved repair procedures for materials nut now in cour.on
usv by the airlines, but necessary for long Life of a Mach 2.7 cruise
engine. These iutlude case weld repairs for A-11O Titanium, Inco 718,iI and Waspaioy.

S3. igltie Testing

Two JTF17 engines were built and have now been tested for mo-e thian
86 hours over a wide range of simulated operating condit .os, including
the 2.7 Mach number 65,000 feet cruise point. Sea levoW superation has
been extended to 99% rated rotor speed and mote than 26 hours have bcun
run at turLine inlet temperatures of 2000OF to 2350'F.

Steady progress has been made in increasing the thrust range of the
engine by the incorporation of cow.pressor improvements developed tLroughI the compressor rig program. Successful operation of tht annular primary
and duct heater combustors has permitted trouble free ru:-ning up to design
maximum fuel air ratios. To date, an augmented thrust level of 47,600
pounds, a value within 10% of that predicted for the demonstrator cn~ing ,

has been achieved.

Successful duct heater lights have been made on every attempt at F/A
L ratios as low as 0.0016 with no attendant problems relati,,e to faa or duct

heater instability. The 19 hours of duct heating test experience (o dare tends
to verify the anticipated durability advantage of thedurathatei..c-ur.re-r.-S ........... aA -l-f-ypLa"-u- t- Bec-ause-of the unique ability of the ram-

induction burner to ignite at low fuel/air ratios, transient airflow
changes were less than '% at the engine inlet when lighting the duct
heater at M 2.7, 65,000 ft conditions.

The first JTF17 engine was run nine months after beginning Phase 11-C.
Operation both on Lhe sea level test stand and at Mach 2.7 cruise conditions
has been notably trouble-free. The only significant mechanical probl.m to
date was an airfoil failure in the high compressor during the first
Mach 2.7 run, a problem that has been corrected by incorporation of aU mid-span-shrouded blade.

Installar.ion of the engine in the Florida Research and Development
Center altitude environmental facility is shown in figure 14, Depeite
-onser-ative mitchiug to accommodate the high pressure compressor surge
deficiency at sea I vel Ltkeoff, preliminary data indicates that the
engine specific fuel consumption at this simulated cruise condition was
within 5% of the prototype engine goal. By the end of August 1966, the
JTF17 had been operated more than 17 hours above M = 2.0 conditionz.

I
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1.

iigure 14. JTFi7 Engine Installed in FROC FE 61153
Altitude Environmental Facility

4. Component Testing 1.
The extensive component rig test program has made many contributions

to the success of the demonstrator program. Adanced test techniques,
many developed during the J58 engine program and specifically tailored

to the unique requirements of a high Mach number engine, allowed the rapid

accumulation of required aerodynamic, heat transfer, and structural data.
For exampil, the use of automatic data_ y0are_ C:: =he sigh pressure

o-m,,prESr rig testing has allowed the complete evaluation of 5 aerodynamic

configurations in 80 hours of testing.

a. Fan and Conipre;sor

The two-stage overhung fan is driven by a two-stage turbine and pru-
duces a sea levAl takeoff (SL7O) pressure ratio of 2.9. The use of an
overhung fan eliminates the conventional inlet guide vane, structure and

the inherent anticing problems associated with inlet guide vanes. It
also provides a more durable compressor section by increasing resistance
to damage by foreign object ingestion. Th-e six-stage compressor is
driven by a single-stage turbine and with the fan produces an overall
engine pressure ratio of 12.95. The variable inlet guide vane for the
high przebure Lompressor permits optimu.:i compressor performance over the
required operating range and also serves as a windmill brake when required.

Fifteen aerodyna-ni: modifications have been tested in the fan com-
pressor test rig with no blade failures encountered in more than 435 hours
of operation. Fan flow capacity confirmed the increase of total airflow
to 6?7 lb/sec for the JTF17A-21 rating.

18

CONFIDENTIAL

I



111U~|, . --A
Lipi:'vvients in the fan rngine sidu "iiirgc line arc required to provide

tl desired operating margins, and an increase in rff.-!::';y :f 2 to 3 percet.

S..t SLTO ii needed to reach the desired pror..type performance -_vels. u Ch
Siprve.nernts appear readily achievable through application of tih root

a4rodynamics of the JTF14 fan. This fan confiu 'ation hbw derron-tratcd
thc zurgc iarditi and chc added fan efficfency needed for the JTFI7 fan,
Fin duct side efficiency has been deeolpcd to wilhin it of the prototype

| engine goals at all sisnificant fli-.ht coW14itioIn5.

Five aerodynamic configurations have been tested in the high prssurc
f" compiessor rig program. Efriciency and surge lines have been progres-

sively improved, and cruise, efficiency now exceeds prototype goals at
the required surge margin. Although improvement in surge margin is
needed at SLTO, the prototype efficiency goal has been Achieved. The

t lack of stall margin at the SLTO condition has been isolated to premature

root stall; single-stage rotating cascade tests of corrective recambering
indicate that Lhis can be corrected.

b. Primary and Duct Heater Combustors

The annular ram-induction primary combustor and duct heater have
demonstrated the ability to attain high heat release rates with high
efficiency, uniform temperature profile, low pressure drop, and smooth
ignition characteristics. A J58 type, balanced-flap nozzle is used to
control fan back pressure and duct airflow for inlet matching.

The SST engine design requires adequate durability in the augmentation
system. Experience with afterburners has generally been limited to short
time operation in military service. By commercial airline scandar.ds...

......... _aterbrne~r-f-1amah,_14ersj-•'-' .�.l-••c, sy-ems, -nd-liners are short-
r i lived because of the fundamental fact that they cannot be adequately cooled

by hot turbine exhaust gas. The durability problems inherent in continuous-
use afterburners have led Pratt & Whitney Aircraft to select the propcsed
Jdut-heater configuration.

The concept of duct augmentation makes it possible to use relatively
cool fan air for auWnentor combustion. Use of low temperature air facilitates
cooling of the combustor parts, thus increasing combustor lift-, and the
cool air lorms a blanket to isolate hot com!bustor surfaces from the outer

3 case structure. The airframe nacelle and structure adjacent to the engine
also receive the benefits of lo,'!er engine outer case temperature. The
highly successful engine uperation of the primary and duct heater combustors

is attributable to an extensive prior rig program. Advanced research on

a new concept called "ram-inr'-.c.tian," wl..ich is the basis of both combustor
designs, was initiated at the Florida Research and Development Center in
1963. The concept avoids much of the diffusion and subsequent expansion
loss common to conventional anuu'ar burners associated with the introduction
of secondary and tertiary air into the combustion region. In the ram-
induction combustor, this air is directed by efficient turning vanes into
the combustion region with relatively little prior diffusion. Benefits

of the principle are reduced diffuser length and weight, coupled with very

high efficiency.I
19
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Primary Combustor rig re-t- has 1Vern aceampilshed in cOn-.ustor Isegment rigs 4nd on luil-scale coobugto~s installed in a moiiicd J14

engine. The accumulation of 351 hours of rig testing has provided a
configuractior with temperature distribution at the cwmbustor discharge V
comparable with that of the exceptionally durable ,T4 commercial enin"e.
Prototype e-n p oductlo, oua:bustion etficiency and combustor pressure IoSE-
end sea Ieval initi-n guals hza.c berii demotnsrrared in full-scale and
segment rig tests. Consideration given to smoke gencration during the
design phase of the combustor has Leen f4ost beneficial. Engine smoke
density measurements show that a reduction of approximately 50% below the
JT3D and JT8D commercial turbofan densities has been achieved. 1"

More than 497 hours of duct heater combustor testing have betii
accomplished in segment rigs and in a ull-scale rig with comparably
successful re&slts. Prototype engine combustion efficiency and cold
and burning pressure loss goals have been demonstrated. Successful
ignition has been achieved at fuel/air ratios as low as 0.0016. This
"soft" lighting characteristic produces a very small pressure change
"and has had no effect on fan stAbility in the 31 successful duct heater
lights accomplished during engine testing.

c. Turbine

A single-stage high pressure turbine drives the six-stage compressor.
Advanced aerodynamic design with airfoil and disk cooling techniques derived I
from successful J58 design has been incorporated to achieve the efficiency
and long life required. A two-stage, controlled-vortex, low pressure curbin(
drives the two-stage fan. The controlled-vortex design permits higher _____

'Lh,=n cutven-tional tree vortex design. Highly effective I
convective cooling techniques have been incorporated in all three stages
of the turbine to optimize performance and enhance the life of the turbine
vanes and blades. High-creep-strength material (IN-IO0) and an advanced

Mcoating (hA 64) will give the turbine blades the long life required in the
supersonic transport engine.

More than 655 hours of turbine blade testing in aerodynamic thermal
shock and heat transfer rigs and in a JT4 test vthicle were accomplished
in an evaluation of various types of blade materials, coatings, and cooling
aA'rangements. Material tests confirmed the adequacy of the well-developed
J58 turbine blade alloy, IN-O10, for initial use and the potential of
directionally solidified PWA 664 for turbine temperature or life growth.
Oxidation erosion teiting with salt and sulphur contaminants demonstratedI
the rapid . of all, uncooled current turbine alloys, particularly
U-700, and the dramatic improvement which resulted with the application of
several candidate ?ratt & Whitney Aircraft coatings. A critical assessment
of a number of turbine blade cooling methods showed the consistent superi-

ority of a refinement of the J58 convectively cooled design with impingement
cooling of the leading edge. When compared to film-cooled airfoils with [1
surface discharge of cooling air, the convective design proved to be sig-
nificantly superior in thermal fatigue tests, in aerodynamic losses, and
in resistance to cooling flo>r interruption from contaminant or foreign
object damage. In addition, the design was comparable in cooling effec-
tiveness at the cooling airflows needed to maintain the desired blade metal
temperatures of 1650'F. ,
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d. Fuel and Oil

The design of the JTF17 permits the use of currently available airline
type oil: PWA 521 (Type II). This is accomplished by cooling the bearing
compartments with fan discharge air to a temperature no higher than current
commercial fan engines. Particular care has beeni taken in the design to
minimize heat input into the oil by use of hydrostatic seals and insulation
at key locations. These features will also avoid local hot spots which
could otherwise cause oil breakdown and subsequent contamination of the oil
system.

The engine is designed to operate with high TBO and long parts life using
currently available airline fuels, PWA 522 (Jet A, A-l). The JTF17 fuel
system is designed to make maximum use of the fuel as a heat sink before
burning it in the duct heater or the primary combustor. At cruise
conditions with& fuel flows for expected cruise thrust requirements, the
fuel may enter the fuel pump at temperatures of 235*F and still not exceed
3000 F at the fuel nozzles, the temperature currently encountered during
cruise on the JT3D. Only minor manifold deposits are encountered with the
JT3D with an 8500 hour TBO.

e. Exhaust System

The reverser-suppressor, which includes the engine exhaust nozzle,
performs three basic functions: (1) the controlled expansion of the
exhaust gases at all flight conditions for optimum overall airplane
performance, (2) redirection of exhaust gases for reverse thrust, and
(3) suppression of engine exhaust noise. The reverser-suppressor (shown
in figure 111-2) consists of five major sections: (1) the main structure,
which includes the support framework, the fixed outer skin, and engine attach-
ment ring, (2) tertiary air doors between the forward structural members,
(3) an integral shroud that, with the clamshells, forms the ejector throat,
(4) clamshells that form the movable portion of the ejector throat and
provide exhaust gas blockage for reverse thrust, and (5) the movable
exit flaps, forming the variable diameter portion of the ejector nozzle.

In recognition of the very high sensitivity of the supersonic transport
performance to the performance of the engine exhaust system, approximately
1600 hours of -*ind tunnel test time have been devoted toward its refine-
ment. This testing has been greatly enhanced by the background of experi-
ence with the development of the J58 exhaust system. This engine also is
used with a blow-in-door ejector, and like the SST is installed in an isolated
nacelle. Subsonic performance of the ejector in this installation has met all
objectives. Test methods developed on the J58 program that have provided
excellent correlation of J58 model test data with YF12 flight test results
have been applied to the JTF17 tests. Although the proposed SST powerplant
installations differ greatly from the installation of the TF30 blow-in-door
ejector in the F-ill, close liaison is being maintained with efforts to
i3olate the cause of the subsonic drag problems on that airplane. This will
ensure the application of all available knowledge to the SST installation.

Comparative tests of the JTF17 exhaust system have been conducted for
the Lockheed configuration with both installed and uninstalled nacelle
models. Uninstalled tests consisted of an isolated nacelle and inf.talled
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tests employed a wing and nacelle model with aerodynamic simulation of the
adjoining nacelle. It is most significant that installation losses were
in accordance with predictions and that installed performance met the
prototype engine goals. Prototype goals for reverse thrusts were also
achieved in model tests of the reverser configuration. Reverse thrust is
obtained by closing clamshells while holding the blow-in-doors open. A
significant advantage of the fan engine is the low temperature of the
mixed gases, approximately 700 0 F, exiting from the reverse d&zrs. This
eases the airframe impingement temperature problem and reduces reingestion
of hot gases into the engine inlet.

f. Controls and Accessory Drive Systems

Accessory and external component drives are provided by three tower-
shafts driven by the high rotor through a bevel gear system. One towershaft
drives an accessory gearbox, located on top of the engine, that provides
power takeoffs for aircraft accessories and for the engine starter. The
left side towershaft drives the main engine gearbox, on which are mounLed
the gas generator fuel pump, the unitized fuel control, and tb' engine
hydraulic pump.

The gas generator fuel pump is a two-stage unit incorporating a centrif-
ugal boost stage, a full-flow micronic filter, and a gear-type high pressure
stage. The unitized fuel control is a hydromechanical unit that schedules
the fuel flow to the primary combustor and duct heater, controls the operation
of the duct heater exhaust nozzle, and schedules operation of the high rotor
inlet guide vanes, the compressor starter bleeds, and the thrust reverser
system. The engine hydraulic6 pump is a piston pump that provides high pres-
sure fuel to actuate the duct heater exhaust nozzle and thrust reverser system.
Duct heater fuel is pumped by an engine-air-driven turbopump located on the
right side of the engine. Engine fuel-oil coolers and an oil tank are also
located on the right side of the engine. Dual low-voltage ignition systems
are provided for both the primary combustor and the duct heater.

Dynamic simulation of the engine control mode and concept has been
continued in Phase II-C. The object of this simulation program was to
determine if engine control concepts that have proved dependable on current
commercial engines and on the high Math number J58 engine could be applied
to control the JTFI7. Results of this simulator program, including 1600 hours
of computer analysis, showed the selected mode to be satisfactory for control
of the JTF17 over its operating range and flight envelope. Dynamic simula-
tions of the JTF17 engine control characreristics coupled with the Lockheed
L-2000 and with the Boeing 2707 aircraft inlet characteristics are also
being conducted to provide early evaluation of the compatibility of the
selected control modes.

Operation of the initial experimental JTF17 engines is being accom-
plished using existing flight-type control system components to expedite
the test program. The components used in this initial contrcl system are
T ic J58 and TF30 units modified as necessary to provide the same functions
-nd mode of control used in the JTF17 dynamic simulation program. J58 pumps
of the same types that will be used on the final JTF17 engines are also being
utilized. All of the fuel and control system components used for JTF17
testing are flight-type hardware and are engine mounted. The engine testing
wl'-h these modified components has demonstrated the feasibility of the

ected control modes.
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5. Engine Weight

The weights nf the JT'F7A-21 pro-ductoi • 4iV Iu e deiiivd in the
Erin4. 'HiJel 6peciiications as 9910 pounds and 9860 pounds for the Boeing
and Lockheed xoigll_ r•s--__ v"1y. ciiiinc wriah[' .... ar e Ji hichhr.

1Pratt & Whitney Aircraft has d4Rvelvptd a sy-"tc= of wight piv diction and
i control that was applicd to the JTF!7 engine design during Phase I1, Each

c(lpQnent part was cardii4lly rotimsted and controllud. Tuu accuracy ol
this estimating s-ystem is confirmed by the fact that the actual wui'ht

f t-he firt tet e•i-igie proved to be 50 po0db less than the weight
h t.•.J:-tsa-d ta the E .irz_, Thc c~Cnsv, ,-igit control program developed
"during rhasa II will be continued through Phase III.

6. Noise Attenuation
Phase 1I-C tests and analyses indicate that the following FAA noise

attenuation objectives can be met:

1. 1500 feet from centarline of runway 116 PNdb

2. 3 statute miles from start of takeoff roll 105 PNdb

3. 1 statute mile from runway on approach 109 PNdb

Current levels of unsuppressed and suppressed engine noise for
Condition 1 are shown in figure 15. The potential for suppressionI devices to reduce the level of the predominant jet noise is also indicated.

Figure 16 shous noise levels for Condition 2 at the 3 mile point for

the thrust levels the airfraze manufacturers anticipate. The suppression
devices, current and potential, include acoustic treatment of the duct
heater diffuser to absorb fan generated noise, and reverser-suppressor
noise at thrust cutback after takeoff may be obtained through the use of

duct heating beyond the thrust cutback polnt. By =eann of this procedure.
. . . r-__o •__-.A - --'lzi -will - na a l0oweer fan rotor speed.

Engine noise reductions of 5 PNdb may be obtained using this technique.

Ezi -on Currcnt Commrcial Aircraft:

2. Sidehoo Now at 1500 ftI ~ ~ ~ 4 - 3. Extra Getbwd AuaiP FAA STObjectiva: 116 PNdb

Max Augmented
Unsuppre.ssd Thrust

I ..

I 121
30 40-Ptft 50 60i

INSTALLE D THRUST - lb (Thousan)
Figure 15. Predicted Turbofan Airport Noise FD 16948
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B. PHASE III TEST PLAN

Comprehensive, carefully integrated component and engine test programs
have been planned for Phase III to assure that the JTF17 engine program
objectives are achieved. Although extensive component testing has been
accomplished in Phase II, an accelerated program of component tests has
been planned to start in January 1967. These component tests are essential
to verify the design of each component, evaluate changes, and determine
their performance and durability under varying environmental conditions.
To integrate these components and subsystems into a complete engine so
that their performance is properly matched can only be accomplished by
testing them together in an engine. A total of 8000 hours of engine test-
ing are planned .for Phase III.

Ultimately these tests will assure that the 20 engines delivered to
the airframe manufacturer for the initial 100-hour flight tes m
I meet the supersonic transport requirements. Beyond Phase III addi-
tional component and engine testing are planned to achieve Engine Certi-
fication by the FAA and ensure that the engine will give reliable service
and long life in worldwide airline operation. Details of the Test and
Certification Plan are given in Volume III, Report E.

1. Component Tests

Component rig tests have preceded the engine test program in Phase II
and are planned to continue through the Phase III development. These
component tests have been carefully designed to determine the performance
of each component under a wide range of operating conditions and to evaluate
all the changes required as the development proceeds. Safe operation
and durability must also be tested during the component rig tests so that
maximum assurance of successful integration into the engine can be given.
A summary of the component tests proposed in Phase III follows:

Component Tested Hours*

Fan 2,300
High Compressor 2,000
Primary Combustor 6,900
Turbine 3,290
Augmentor 3,220
Exhaust System 4,600
Bearings, Seals and Gearbox 54,500
Controls and Accessories 90,000

Total 166,810

*Note that this component test time does not include
engine test time, but represents only component rig
time.
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2. Engine Tests

Initial engine testing in Phase III will be conducted using the three
JTF17 engines available from Phase.JI-C. These engines will be supple-
mented so that a total of 12 development JTF17 engines will be used for
the Phase III test program. Three additional engines will be used for
the engine certification tests in Phase IV. Altogether 8000 hours of
engine testing are planned in Phase III to include:

Engine Tests Hours

Performance testing at sea level 1 ,470
and altitude conditions

Component and subsystem integration 2,180
testing

Control system testing 1,120

Inlet compatibility and systems 700

testing

Endurance testing 2,005

FTS testing 525

Total 8,000

3. Engine/Airframe Compatibility Tests

The development of compatible high performance engine inlet and exhaust
systems is very important to achieve the mission requirements of the super-
sonic transport. Pratt & Whitney Aircraft, working closely with the air-
frame contractors, is proposing a vigorous and comprehensive program con-
sisting of analytical studies, rig and model tests, and full-scale inlet,
exhaust-system, and engine tests. This program is based directly on P&WA
experience gained in the development of J58 compatibility in the Mach 3+
SR-71 and YF-12 aircraft. This experience showed that it is necessary to
integrate the engine inlet and exhaust systems at the earliest possible
date. Toward that end, analytical simulations of inlet and engine steady-
state and dynamic compatibility and distortion compatibility are already
underway in Phase II. The results of these analyses have been coordinated
with the airframe contractors and are discussed in Volume III, Report D,
of this proposal. In addition, model tests of the exhaust system havc beeŽn
accomplished at subsonic conditions in the wind tunnel with a simulation
of the airframe manufacturer's nacelle installation. These tests indicated
that engine exhaust system performance should meet the requirements of the
supersonic transport. Details of the test results are explained in Volume III,
Report D, Section III.
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Engine/airframe compatibility agreements have been coordinated with both
airframe manufacturers and are included in the following documents:

Boeing:

"Coordinated Inlet/Engine Test Plan" Comnmercial Supersonic
Transport Progrdm Report D6Al0097-2
Engine/Airframe Technical Agreement Number D6A10199-1 P&WA

Lockheed:

L-2000 Airframe/Engine Compatibility Agreement Exhibit A
P&WA Interface Control Document
Lockheed Phase III Proposal Volume lIE, Section 8
AEDC Inlet/Engine Test Plan

The compatibility of the engine and inlet will be tested in logical
sequential steps leading to prototype flight test. Significant test
milestones are shown in table 1, below:

Table 1. Engine Inlet Compatibility Testing Proposed Milestones

1. 0.6-Scale Fan Rig - Distortion generarors will be us~ed Feb. 1967
to simulate patterns obtained from airframe manufacturer
testing of model inlet.

2. Rematched Engine - Testing with distortion generators rlay 1967
will be done to evaluate distortion attenuating influe-
ence of high compressor. The data will be compared to
fan rig dfstortion test data.

3. 0.6-Scale Fin Rig - The fan rig will be tested at Willgoos July 1967
Laboratory with the subsonic diffuser portion of the air-
frame inlet. These tests will evah ate the subsonic dif-
fuser performance with static pressure gradients imposed
by the fan.

4. 0.6-Scale Fan Rig - Variabl! s-e . imulativtc , ..... com- Jul.- 1967
pressor. Test with required back pressures to reproduce
circumferential variation of flow determined from the re-
matched engine. Corroboration of this data will allow
development of fan to continue on isolated test basis.
Data will also be compared with analytical calculations
of distortion effects for corroboration.

5. 0.6-Scale Fan Rig - Willgoos Laboratory testing with the Sept. 1967
subsonic diffuser portion of the airframe inlet. The
July testing will be repeated to evaluate any changes
indicated by the earlier test series.

6. Full Scale Fan - Testing to be done at FRDC altitude Jan. 1968
facility with variable vaae simulation of high compressor.
Distortion generators will be used to simulate patterns
obtained from airframe manufacturers testing.

7. JTF17 - Engine will be tested with distortion gererators Nov. 1967
to simulate patterns obtainci by airframe manufacturers
testing. Steady-state and transient performance will be
evaluated.
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flight c1 nfituuiution bleeds, and their controis. Data will 3
be taken at cuise to check performance and preview dynanic
tc€mptibility before AZDC testiag. ica level static testing
will be done to evaluate performance and distortion eff,'.-ts
•,ith a ruii inlet on the enine. Starting scheddules will be
op~ti.mizcd. The InleL will be operated in a near choked con-
dition for fan noise attenuation studies.

9. JTV17 - AE'DC Test Facility - A ground test engine with the Sept. 1968 I;
complete engine na',el.c system to simulate the free stream
inlet.

10. Flight Tests - Propulsion systemi -•rformance and engine/
inlet compatibility will be evaluated du::ing the initial
.00-hcir flighý test program. Fiigbt tests are scheduled
to begin as follows: Ii

Boeing 1st Prototype December 1969
2nd Prototype February 1970

Lockheed 1st Prototype March 1970
2nd Prototype June 1970

The test program outlined in table 1 will lead up to compatibility tests
of the complete propulsion package that are scheduled to be run in the AEDC
propulsion wind tunnel in Tullahoma, Tennessee. The drtails of this pro-
gram are covered in engine/inlet compatibility test plans that have been
coordinated between Pratt & Whitney Aircraft and the two ai-rf..e -n-zu- LA

.a-Lurers. T-e iratt & Whitney Aircraft test program is designed to re-
duce the number of problems that may be encounterad during the complete ,
propulsion package compatibility evaluation at AEDC. The time spent in
zhe 16 foot wind tunnel at Tullahoma may then be devoted exclusively to
evaluation of those facets of the propulsion system compatibility investi-
gutian that can only be handled with realistic eztvrnal flow. Hf

The ultimate test of the engine/airframe compatibility will begin with
the 100-hour fliglit test of the prototype supersonic transport. The pro- V
pulsion system performance will be monitored by instrumentation and re-
corling devices. Engine/inlet compatibility and performance and the
operation of inlet and engitie control systems will be evaluated in various
steady-state and transient flight conditions throughout the flight envelope.
In addition, extreme and abnormal flight conditions will be cimi.Ated in
AflSAtL. tratt & Whitney Aircraft will prepare a propulpion system flight
test program in coordinatiou with the airframe manufacturer and will pro-
vide full support for the flight tests throughout the program.

Throighout the test program, a continuous cross-check between engine
test results and analytical simulations will be maintained. This will
permit updating of the various simulation system gains and time constants
and will ensure that the desired stability and performance requirements are
met. Furthermore, this effort will permit an incorporation of the effects
of inlet distortion and representation of certain failure modes into the
biam lations.
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iEL rT1D KXFER LKE,[
. Fr at & Whitney Aircraft offers the supersonic tranzport -progrm t.he

Ue bi~efiL derived irom a unique ctrmbaration of thirty-nine years meeLing
airline transnort powerplant requiircments and of daily operation with
mhigh-turbine-temperature turbine engines that meet the requirements of
continuous-high-Mach-nLsber-cruise aircraft. The company's aicline
transport experience dates back to the early days of piston engine operz.-
tion when its first commercial aircraft engine was delivered to Boeing
for the Model 40B single-eng ne mail and passenger plane in the Spring
of 1927. This engine, the "Wasp," received Approved Type Certificate
No. 14 from the Department of Commerce on 19 December 1928. Since that
time,airline transport aircraft have accumulated more than 200,000,030
engine hours with P&WA piston engines on such well-known airplanes as
the Douglas CD-3, DC-4, DC-6, Conviir CV-240, CV-340, CV-440, Boeing 247
and 377, Martin M-202 and M-404 aircraft, ari4 Lockheed Lodestar and

N IModel 14 aircraft.

On 15 March 1957, the P&WA JT3C "Turbowasp" received from the Federal
Avaiaticn Agency Approved Type Certificate No. 290, ýind became the first
U.S. turbojet in airline transport service, Dowering the initial versions
of the Boeing 707 and Douglas DC-8 aircraft. Since these aircraft went
into service in November 1958, over 40,000,000 engine hours of airline
service have been accumulated on P&WA turbojet and tu-bofanpowered..... .

............ ., W ey arcrat engines are currei:cly accumulating
time and experience in airline service at the rate of approximately
I miu' ion engine hours per month and this rate of accuzulation should
double by approximately December, 1968 as the number of aircraft in
service doubles by that date. It is estimated that P&ýA comei'cial

f turbine transport experience will total 175 million engine hours by the
1974 time perio?, in which initial U.S. SST passenger service is anticipated.

On 25 May 1953, the USAF F100 became the first aircraft to achieve
II ossLained supersonic speed in level flight, powerc'd by Lhe P&WA J57 after-

burning turbojet. Since this rirst .;ustained supersonic flight, Pratt &
£4Witiney Aircraft has accur.ulated approximately a quarter of a million
engine hours in supersonic operation. For the SST, the most significant
of this experience is that obtained with the FRDC-develuoped J58 in the
ý.-12 ýi:td SR.-7 aircratt, which have flo.rin more than a million miles above

19Mach 3. These aircraft and the J58 engine are shown in figures 18 and
K 19,a Air,;riCL povere by J58 engines, operating continuously at over
2000 F turbine temperature, accumulate daily, on the average, more flight
time above Moth 3 than the total free world experience at Mach 3 in all
other aircraft combioed. With the introduction of the SR-71 into military
serviLe, additional experience which is being gained concurrently with
the development of the JTF17 SST engine adds to the knowledge already in
hand. 11ihs Florida ResearIh and Development Center experie-ce and tech-

L nology will con•.tribute directly to the timely and successful development
of the supersonic transport engine.
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Figure 18. Pratt & Whitney Aircraft J58- FD 16564
Powered Airc raft

Figure 19. Prart & Whitney Aircraft J58 Engine FE 42662 U
B. AIRLINE TRANSPORT EXPERIENCE

1. Product Support in 22 Countries

Pratt & Whitney Aircraft engi.nes are now operated by over 200 airiines
Lhroughout the world. The continuing accumulation of airline operational
experience rr-eans that Pratt & Whitney Aircraft's Product Support and
Engineering organizations will be gaining a knowledge in many areas that
are important to the SST Program. Anong othe most important of these are:

a. Service Department Cooperation with the airline operators
to establish improved methods and techniques for maintenance
and overhaul of laLge cot•mercial turbine type engiies.
(Example - Development of engine mai$tenance reliability
programs under FAA advisory Circular AC 120-17, dated
31 December, 1964, "Harndbook ior Maintenance Control by
Reliability Methods.")
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b. Flight Operations Engineering Department working with
airline operating and maintenance personnel to develop
improved methods of monitoring engine operation as an aid
in early detection of maintenance problems. (Example - The
Study and development of Aircraft Integrated Data System,
known as AIDS, to determine the most efficient means of
integration of data recording and processing for use in
maintenance and operation analysis and display of informa-
tion for the flight crew and for ground personnel on the
mechanical condition of airplane systems, including the
propulsion system.)

c. Spare Parts Department cooperating with airl" ie maintenance
and-supply personnel to improve methods of forecasting
overhaul and maintenance parts requirements. (Example -
Investigation of inventory management improvements through
use of computer techniques.)

TVle Pratt & Whitney Aircraft Product Support organization has repre-
'T4s-.tatkves in more than 200 locations in 22 countries throughout the
/•J.ld'. The location of the more than 60 P&HA Field Service Representatives

,' -arioned outside North America is shown on the map, figure 20.

The level of experience of the top 11 supervisory people :i7 the
Product Support organization aveages 29 years. The average level of
experience of the more than 320 Service representatives working Uith
airline operators throughout the world is 16 years.

One of the several ways by which the continuing accumulation of air-
line service on Pratt & Whitney Aircraft engines and the accumulation
of continued experience by the Product Support organization is focused
on airline problems is through a biannual jet engine conference at Pratt &
Whitney Aircraft. These meetings are attended by engineering and main-
tenance personnel from the staffs of Pratt & Whitney Aircraft's airline
customers, by Pratt & Whitney Aircraft's technical service representatives
and by the home office Product Support and engineering staffs of Pratt &
Whitney Aircraft. These meetings have been conducted since 1959. At the
next meeting, scheduled to be held in the fall of 1966, approximately 200
airline representatives are expected to be in attendance.

At these meetings the Product Support and Engineering Development
staffs on the various cosmmercial engine projects prepare formal briefings
on current airline engine problem3, based on questions and suggesticns fro=
the airlines themselves. Ample opportunity is given for airline represent-
atives to ask questions and to consult with one another on matters of
mutual interest. This forum will continue to be an excellent medium for
continuing close comunications between the airlines and the Pratt & Wnitney
Aircraft Product Support and Engineering staffs. All of these future Jet
Engine Conferences will be attended by representatives from the JTFI7
Program Management so that solutions to airline problems can be incorporated
in the SST engine.
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2. Underazanding Airline Needs

An tvan more imnportant result of this vcry excensIve backgrcund otSclose cooperation with the airli-e oparators has been the acquisiot', oL
a brough understanding of th* sperific needs of the coumercial operator.j if In marny ways thp• differ fros-hc=a of t military operator. Among the
moat inxortant nf these aclif"'L airl'iie avurcimd. i~.

1. Engine reliability in terms of low "in-flight shutdown" and
t unscheduled removal" rates, Table 2 shows comparative
reliability records fror CAR records for P&WA turbojet and
turbofan engines and for those of a major competitor for
the period 1960-1965. As may be noted from the comparative
figures in the table, the rate of unscheduled engine removal
per 1000 hours for the P&WA engines listed was less than
one-half the unscheduled removal rate for competitive
engines.

2. Engine durability in terms of high TBO or engine inspection
period and long parts life. Table IV-2 shows comparative
TBO growth recoids for P&WA and competitive engines for the
period and lo:%g parts life. Table 3 shows comparative TBO
growth records for P&6A and competitive engines for the
than on those of the competitor's engines. Actually the
P&WA ,JT3D engine now has an FAA-approved TBO of 8500 hours.

3. The need for adequate gro0..h Qf engine size, cycle,
and performsrce as may be necessary to produce a more useful
and more profitabLe I-aeir I_ _ . p

most outstanding example Is the development and introduction
of the 17,000- L_ 18,000 •;,b thrust tui•boian engine into
commercial airline aerv4 ce in 1961. The use of this engine
resulted in an i=provement of approximately 207. in airplane
miles/lb of fuel; airplanes powered by this engine have
set the world standard for reliable, economical, long range
transport aircraft.

4. The need for meeting commitments on both schedule and per-
form=nce In order that new airline type transports may be
delivered to the opera.or on time and with the engine
"performance that the airframe manufacturer and the operator'I1 expect. Table 4 shows how Pratt & Whitney Aircraft met
previous comnitnments in tereas of initial delivery, engine

veivht, cngiina 1,ru6L, and cruising tuel consumption,

II
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1. System Integration

The supersonui aircreft rToPUlAtuo systm requires the utmost care in
iLe integrattom intO the rotal airframe system. The kind cf clowe technlcal
working rel -int-hip between the engine and oirfrm cnt 5ctors. cznrtlal
to the succar 45f th- ý raOs-Z• transport, is extmpliticd by the approach
taken by the Florida Research ard Development Center in the J358 progr•a.
Of particular importance in this program vas the early technical integra-
tion of the engine and airframe inlet duct. In light of this experience,i.
P&WA and the airframe manufaccur r will pursue on the SST program from

the earliest possible date, a vldorous, coordinated, cooperative program
consisting of analytical studies, dynamir ruathematical simulations, rig
and model test# and full-scale inlet and engine tests. To avoid the
possibility of delays in the flight test program and the complete engine
nacelle test program at AZDC. initial compatibility tests of both the inlet
and exhaust systems as well as various other engine/airframe propulsion|
system components will be conducted by compressor and other component rigs,
by windtunnel model simulationa, and by experimental developtunt engines.
The United Aircraft Corporation winutunneL facilities were used extensively
in achieving inlet and exhaust system compatibility for the J58, and will

be used similarly to assist in the integration of the JTF17 into the SST
aircraft.

In order not to delay flight testing throughout the flight envelope
of a high Mach number airplane, the J58/YfL2-SR71 program has shown the
necessity of a fast reaction for flight test revealed prob les._iAnbot.h
the airframe and _encina.---a --- !.--7iThf -1ch number cruise

...... . a-irpianes were the first in the free world to face these conditions, and
many unforeseen problems were uncovered in both the airrrame and the engine I
during flight testing. Kost of theAe were of rapid transient nature which

could not be completely duvli-ated beforehand in ground based facilities.
However, in a number of cases, after the problem was uwderscood, test
facilities were modified to more closely duplicate the conditions and
solutions were than develope3 on the ground without Jeopardizing the
flight test airplanes. The experience gained with the J58 will ersure
that a large number of these problems will be avoided in the supersonictransport JTF17 engine, However, there -'Lll undoubtedly be mechanlcal

A well as aerodynamic and thermodynamic proble=s peculiar to a tnew
engine/airfraze combination t-at will be uncovered by flight test, in
order to cope with this situation in a timely fashion, a very fast r',oorting
and eneineering reaction syoteram _.e-mt Z-is. This requires eng5,ne project
engineers at the site during flight testing, ani a free and candid
exchange of information between the air.'rame and engine engineering !
organizations, to obtain quick and satiifactory solutions to flight-test-
revealed problems.

2. Supersonic Cruise Development Techniques

The aqccess of the J58 engine in its hostile environment is due in,
no small part to over 75,000 hours of component testing in the appkopriate
environment and to over 8000 hours of full-scale engine testing in P&WA's
high )ach nuamber altitude test facilities. Among th, many engine problems
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revealed and solved during this environmental testing were fi t-stage
compressor blade airfoil vibration lue to aerodynamic flutter at some
high Mach number flight conditions, fuel control system malfunctions
resulting from temperature differentials, and compressor disk distortion
because of rapid temperature changes. The great importance of this high
Mach number environmental testing has been reflected in the proposed
Phase III test program.

Computer methods have been developed that simulate the dynamic per-
formance of the engine and its inlet well enough so that the proper con-
trol modes can be selected in the design sLage rather than after flight
test. The analog computer shown in figure 21 has been used to provide
dynamic simulation of supersonic cruise propulsion systems. The air inlet
performance, the inlet control, the engine performance, the engine control,
and the complete fuel system are all simulated by this computer, so that
the-behavior of the propulsion system as a whole can be observed over the
full range of flight conditions, and so that the effects of malfunctions•
can be analyzed. This kind of simulation is prerequisite to proper system
design. It continues to be a valuable diagnostic tool throughout the
development and flight test program, when measured component performance
can be substituted in the computer input for the originally estimated
values. Dynamic simulation is thus particularly valuable in simulating
flight test problems and exploring various means of solution through
control system changes or adjustments prior to actual flight testing nf

such changes.

Figure 21. JTF17 Dynamic Simulator FC 12204
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Iloe Liih Mach number continuous cruise em.ironment cal ls uor the

application of high temperature materials well forward in'to thu 6ompress,,r
section. At the sa•ac Jia. the emphasis on better over-all rhru.;-r.-

.eight rat1Qs cal&ls r use rlaf. wiiich nave better %rrrt.gt.

weLg.t ratior, p'rticul;;rly tL LCh clevatet! Lemperatues involved. Foru

continuous supersonic cruisu operation, materials different frci, Likose

used on itubsonic errnines are required "or a gigvez, pack , and theo r

a•- gelerally more exper.Lis.e and ;.w e diliictril to m-.chinv. T uLhe nuor,

moare rig-rouz; qua.liLy control methods muSL bc employed tc. aiSurt rrpoe,ý.-

hilitLy in quanz ' y with .erailurgical characr i.
Ordinary sea-lcvcl testing doi-4 nut subject kthese new materials to their
most severe environment, and endurance testing must nLw, he ýYnducted
over the fuIl raige of ilight -nditiona. 14icrL ordinary sea-l"vel
oandurance tests were adequall for the suhsoz;:ilc )et or far!•g•", •,rtl

supersonic Cruse •-,•ne, in .:cntrast, murt be operated in a rath;4+r
sonpisticitcd failiy, a:; zthaL .huwn in tigure 27, to simulate

transonic and supersonic condit.c-ns.

Figure 22. FRDC High Mach Number Laboratory FC 13269

3. high Temperature Experience

The development of the J58 engine has provided solutions to some of

the uwot challenging metallurgical development problems ever encountered.

Because of unprecedented levels of operating temperatures and stresses

for hardware components thretighou-t the engine, nickel base super-alloys

which had beer. previously used onliy for turbine blades, now were needed

for large disk forgings, ring forgingý., and shtet components. Extensive

alloy development, modification, and process develcpment were acco~r-
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puished to :ieet hardware requirements. In addition to this ni-kel base
alloy development program, titanium technology was extended to allow
compressor blades to cperate under the most demanding conditions to
which titanium blades have ever been subjected. Titanium alloys being
used in the JTF17 are th'e same as those used in current P&WA commercial
engines and in the J58 engine. Finally, advanced ck-,ting systems were
developed to increase the life of components by protecting components
against severe environmental effects.

Astroloy turbine and compressor disks have performed most successfully
in the J58 engine. This experience has demonstrated the outstanding
capability of the alloy and substantiates its suitability for turbine disk
application for the JTF17 engine. Structurally, the 1st-stage turLine
disk is almost idenltical to the J58 engine 1st-stage turbine disk in
size, shape, and manufacturing technique. A comparison of the J58 and
JTFIl engine turbine disks is shown in figure 23.

J58 JTF17
Figure 23. Turbine Disk Comparison FD 17648

Similarly, as shown in figure 24, the JTF17 1st-stage turbine blade
bears a close resemblance to the J58. However, to ensure the long life
necessary in a commercial engine, the JTF17 engine blade metal temperature
is 150'F lower at cruise conditions than that for the J58 engine. Develop-
rpent engine test time on the J58 at maximum rated turbine inlet temperature
is over 10,000 hourF with 500 hours at or above 21000 F. This is in addition
to substantial service experience.
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.158 JTF17 ~

Figure- 24. 1st-Stage Turbine Blade Comparison FD 16883

4. Specialized Manufacturing Requirements

Pratt & lmitney Aircraft Experimental and Production Manufacturing
departments within the Connecticut Operations cnd Florida Research and

Development Center have demonstrated the ability to research and develop
new manufacturing techniques and apply them to the production of engine
parts under full process control. As a result of the J58 experimental
and production program special. techniques such as the manufacture of disk.
blades, and cases from high temperature alloys have been acq.ired.
Aircraft quality high pressure tube assemblies with integral end fittings !
have been developed and applied to production engines. Metal removal
methods, such as electrochemical mach-ningz. have hear. pi-eered ! I

WriLt &nicney Aircraft, the world's largest user of this equipment. F
Both Experimental Development departments and Production Manufacturing

departments now have extensive experience in production of parts for
jet engines capable of coptinuous operation at SST cruise conditions.
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A. FACILITIES j
As the result .i .. ... at dnd production programns, the

i Manufacturing facilities otl Connect.icut Operations and Florida Rescarchspnuiaculn techiqusiseties to t• prdc•o rat or,~n
and Development Center are fully experienced in and equipped for theSSpecial techniques essntial to the production of pax-tz for engine

intended for continuous supersonic operation. The Manufacturing facilities
ofF___ req"uire a'ddL-Ufn3 only is ncecsary to provide for the largpr

physical di~neians of tc-ae oi the J'I•17 part&. Connecticut Operations
production facilities, where the production J58 engines are produced,
: ave no equal in the field of aircraft jet engine manufacture. Pratt &
Whitney Aircraft has developed a family of 2500 vendors who fully under-
stand P&WA's specifications and who have'proved to be capable of producingii high-quality aircraft engine parts.

i •All of the facilities required for the JTF17 program exist now or
will be acquired or placed in use during Phase III. No additional
facilities are required for Phase IV; those acquired during Phase III
will continue to be used. All of the Connecticut manu'-acturing and

4f test facilities described in Volume V, Report B, will be in existence
and can be used for Phase V of the SST Program. Phases III and IV of
the SST Program will be carried on principally at the Florida Research
and Development Center, with some specialized testing and support pro-
vided by the Coruecticut facilities. Production of JTF17 engines in
Phase V will be accomplished at the Connecticut plants, with development
continuing in Florida.

I' Four plants, all company-owned and in Connecticut, will be used for
production engine deliveries for Phase V of the SST Program. They contalrL

.. ... -roxma-tel -4000 production
* imachine tools.

Florida Research and Development Center facilities now include1 1,150,000 square feet of floor space. Ma,ýofacturLng, assembly, and

inspection tools nuraber 473 major items. T.-ý tt;'bojet test areas

contain 54 stands with capabilities ranging from full-scale engine andI• rig testing to small component calibration. Supporting these activities
1 are a Materials Development Laboratory, a Computing Laboratory, and an

Instrument Laboratory. For Phase III and IV of the SST Program, the
floor space will be expanded by 96,000 square feet. A limited number cf
major manufacturing tools will be addLd and eight new test stands will

be constructed.

.The Computer Laboratory ca.p.bilf•eti are vuw in process of impxovement
by replacement of several existing IBM systems with newer models. The
Connecticut facilities to be used for Phases III and IV include the
Andrew Wiligoos Tvrbine Laboratory, consisting of 14 test stands; the
United Aircraft Research Laboratories Wind Tunnel; and the Advanced
Materi.als Development Laboratory.
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The fac-littlQ cucrently available to the research and duveloprent
tean at FRDC represent an investment in excess of $90,000,00, more than
half of which is company owned. To conduct Phae Ill of the supersonici
transport program', United Ai-- raf wil invest Approximately $30 oiilliun
in additional facilities, 75% of which will be to increase engine and
component test capability., U

These Florida test failities provide an on-line data acquisition,
reduction, and processing systcm that automatically trý?nsmits key engine
pcrformance p#ra= ters to the test engineer within 2 minutes of the tiem e.
they were recorded, This allows the tezt engineer Lo immediately diagnose
trouble and make the necessary correcricns in order to attain twet
oCjeclves as quickly as possible. Also, th~e amount of useful data wbich
can be quickly and accurately acquired and reduced provides the engineer
with complete information of the intercal and external operating charac-
teristics of the engine. This results in a significant reduction of the
number of tests required to obtain given performance points and enables Ithe engineer to run a broader test program in a given time period.

FRDC has complete computer systems compatibility with the airframe
manufacturers through the use of IBM 360 and 7090 computers and Fortran
programming language.

The instrumentation facilities have been developed to provide field
support of high Mach number flight testing, and for the specialized
development of high temperature instrumentation systems required by the
J58 development program.

B. MANPOWER

The Florida Research and Development Centcr over-all manpower require-
S�ments during the Phase III period are forecast to peak in the year 1969

with only a slight increase over the current 1966 l'vel. The additional
manpower of approximately 1600 people estimated to be needel n. -hie--"-

i m _ ..- eignIfIcaantyt -s••han that added in th-. period from mid-1959
to mid-1962, when the total FRDC employment was increased from 2300 to
6100. (See figure 25.) [

The increase in technical personnel required to continue the SST
engine development will be obtained by transfers frow current programs,
which will be decreasing, as well as by adding approximately 220 new
technical employees by 1968. The rate of growth to meet -his figure i,
less than that experienced in the past five years. (See figure 26.)

Pratt & Whitney Aircraft's production manpower requirements are
currently increasing and are projected to peak at about 39,000 people in
1969. This projected manpower is more than adequate to accommodate the
plar.ned p:oduction of the JTF17 in the required time p•r!_d. (Scc
-fig'-rc 2-1.1
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Figure 27. East Hartford Total Manpower FD 16525

C. FINANCIAL I
Assurance of financial resources of United Aircraft Corporation I

(pare±nt corporation of the Pratt & Whitney Aircraft Division) to meet
the requirements for the 4-year Phase III SST powerplant program is
provided by a review of its record of gross sales and before income
tax earnings for the pasýtourv:rs_.96 -.1963: 19"•-, aWn -!.96 -).

Four Yeer Total Gross Sales $5,107,200,000

Four Year Total Earnings Before 219,230,000
Income Tax

United Aircraft has financed without contractual support, research I
and development programs that hove cost in excess of $225,000,000 over
the past 8-year period.

4
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A. ESTIMATES

T Ie overall cost esti.ates listed in the Introduction of Lois VoIlume i
have been prepared on the basis requested in the FAA's 30 June 1966 Reqtrest
for Prop•osal. Ir. accordance with the FAA's instructions, the pLoduction* J engine unit cost estimate of $1.21 taillion does not include any provision

t e i- euuamnent of either the L;overnment*s or the Company's share of the
?r[e-ilt:seat-certi.tiziti,'n cngine deavellopiet cuost.

The production unit costr estimate for the JTFi7 engine also reflects
the savings that will result irom the cons.ant effort of the Connecticut
Operations manufacturing department to reduce costs through the use of ad-
vanced techniques and equipment, Typical of this effo-t is the constantly
increasing use of numerically-controlled machites in manufacturing opera-
tions. Pratt & Whitney Aircraft now has over 100 numericalIy-controt !_d

r [jig borers, horizontal boring machines, milling machines, drills, turret
lathes, jig grinders and gear shapers. Figure 28 shows a 5-axis con-
tinuous path numerically controllee milling machine in operation.

[ B. RELATIONSHIP OF ENGINE PROGRAM COSTS TO OPERATING COSTS AID PROFITABILITY

In connidering the economics of the SST airplane, the effect of the
i engine on profitability must be assessed in terras of its contribution to

airplane Direct Operating Cost (DOC). Table 5 gives a breakdown of the
major eng;.ne-affected 3OC itew, as percent of the total airplane DOC for
the FAL Eoonomic Model Ground Rules average international distance of_1980 :azute miles. From the above basic data the following trade factors
can be calculated for the effect or, DOC of changes in fuel consumption and

9 1%i change in airplane DOC results from a 2.6% change

in SFC

1 1% change in airplane DOC results from a 507. change
in development -oaL estimate

From this it is apparent that engine performance in terms of TSFC is the
most important of the engine-affecced items, far outweighing engine develop-
ment program costs in its effect on airplane operating costs and thus on
profirabilitr. A comparison of the trade factors for fuel consumption ani
development cost indicates that a vigorous ond extensive development program
can be justified to achieve or surpass the specification performance goals.

'-

45

I C DENTDAL



Prat& hftey Aircra•t CONFIDENTIAL
NA PP 66-100
Volume I

Table 5. Breakdown of Direct Operating Costs for
Typical SST Design

Calculated in Accordance With FAA Economic Model Ground Rules for
Average International Distance of 1980 Statute Miles

Total Airplane

DOC, %

Aircraft and Crew Costs 42

Fuel and Oil 38

Engine Depreciation, Insurance and 8.5
Development Royalty

Engine Maintenance, Material, Labor and 11.5
Applied Burden

Figure 28. 5-Axis Continuous Path Numerical CN-5364
Control Milling Machine
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